The aim of this experiment was to reduce piglet stress and improve performance following moving and mixing at weaning by use of the anti-aggressive drug amperozide and the practice of co-mingling piglets during lactation. Thirty-six piglets weaned at 29 days of age were allocated to a 2 X 2 factorial arrangement of treatments as follows:
Introduction
Weaning imposes severe nutritional (change from milk to solid diet), psychological (mixing and moving, loss of the sow) and physical (change in environment) stressors on piglets that cause an acute 'stress response' and a period of low food intake and poor growth for the first 7 to 14 days after weaning. In an attempt to quantify the relative contribution of each of these stressors to the post-weaning 'growth t Present address: School of Veterinary Studies, Murdoch University, Murdoch WA 6150, Australia. check', Funderburke and Seerley (1990) concluded that the major determinant of poor performance after weaning was due to the change in nutrition. In this study, the authors' experimental treatment for 'psychological stress' involved the removal of the sow from the farrowing crate at weaning. It is more probable, however, that the major psychological stress occurs when non-littermate piglets fight after being mixed into new social groups. In view of this, we considered it appropriate to re-examine the influence of this common management practice on performance and behaviour of piglets after weaning.
Mixing previously unacquainted piglets gives rise to high levels of aggressive behaviour that may cause injury (McGlone and Curtis, 1985) , decrease feeding time (Baxter, 1991) , and activate the sympathomedullary and adrenocortical axes (Fitko, Kowalski and Zielinski, 1992; Johnson, Kamilaris, Chrousos and Gold, 1992) . Aggressive behaviour is thought to be modulated by hormones of the hypothalamo-pituitary-adrenal (HPA) axis (Huhman, Moore, Ferris, Mougey and Meyerhoff, 1991) and its activation may impair physiological and immunological function (Stanton and Mueller, 1976; Blecha, Pollmann and Nichols, 1983; Munck, Guyre and Holbrook, 1984; Westly and Kelley, 1984; Barnett and Hutson, 1987) . Although short bursts of adrenocortical and medullary output are beneficial adaptive responses and are necessary for an animal to cope with stress (Dantzer and Mormede, 1983; Barnett and Hutson, 1987) , chronic hyperactivity of the HPA axis may be regarded as a maladaptive response that can result in unthrifty piglets displaying chronic growth depression (Kyriakis and Andersson, 1989; Albinsson and Andersson, 1990) . The mixing of unfamiliar piglets at weaning, therefore, is of behavioural and production concern and weaning strategies that reduce the incidence of aggressive behaviour warrant further attention.
One way of reducing aggression at weaning is to use tranquilizers (Dantzer, 1977) . Azaperone (e.g. Symoens and Van Den Brande, 1969; Blackshaw, 1981a) and lithium (e.g. McGlone, Kelley and Gaskins, 1981) have been used as anti-aggressive compounds but their effects on performance and behaviour are equivocal (Petherick and Blackshaw, 1987) . More recently, Bjork (1989) and Kyriakis (1989) reported that a single injection of the psychotropic drug amperozide given to piglets at the time of weaning reduced the incidence and severity of fighting after mixing. In addition, amperozide has been reported to decrease the incidence of postweaning diarrhoea (Bjork, 1989) and improve the growth rate of weaned piglets (Bjork, 1989; Kyriakis and Andersson, 1989) . On this basis, Bjork (1989) postulated the existence of a causal association between psychological stress and 'gastrointestinal dysfunction' to explain the checks in growth commonly observed after weaning. A reduction in fighting after amperozide administration has also been reported in growing-finishing pigs (Bjork, Olsson, Martinsson and Goransson, 1987; Bjork, Olsson, Christensson, Martinsson and Olsson, 1988) , although data advocating an improvement in performance are equivocal (Gonyou, Rohde Parfet, Anderson and Olson, 1988 ).
An alternative to drug therapy to reduce fighting after weaning is to allow piglets from different litters to co-mingle during lactation. This practice, where piglets from different litters are allowed to familiarize with each prior to weaning, may ameliorate the trauma of mixing and lead to lower levels of aggression after weaning. Although the practice has been in use in some piggeries for many years, there is only anecdotal evidence as to the possible benefits of this practice to performance and behaviour after weaning. However Peterson, Vestergaard and Jensen (1989) , working with freeranging piglets, found that young piglets established social relationships early in life with non-littermates of the same age. The corollary of this is that piglets from several litters given the opportunity to establish relationships early in life would have a smoother transition at weaning than previously unacquainted piglets when placed in the same pen.
The aim of this experiment was to investigate the piglet's behavioural, physiological and immunological responses to mixing and moving at weaning. The effect of amperozide and co-mingling during lactation on these parameters of the 'stress response' was tested. In addition, the experiment compared the two weaning practices for their separate contribution to the improvement of welfare after weaning. The hypotheses tested were as follows: (1) administration of amperozide to nonlittermates at weaning, and (2) familiarity between non-littermate piglets during lactation (i.e. comingling), will reduce the stress response when piglets are mixed at weaning, and thereby improve welfare and increase production.
Material and methods

Animals and feeding
The experiment was conducted at the Medina Research Centre, Medina, Western Australia, using 36 piglets selected from six litters of Large White X Landrace multiparous sows. Only sows that farrowed on the same day were selected for the study. Sows were transferred from individual drysow accommodation to farrowing crates within a week of the expected date of parturition. Within 24 h of birth piglets were weighed, ear-notched (for identification), had their teeth clipped and tails docked, and were injected i.m. with 200 mg of soluble iron. Litter size was equalized (9 to 11 piglets) in the first 3 days of lactation by fostering piglets from large litters onto sows with smaller litters if necessary. Sows and litters were moved to follow-on pens about 7 days after parturition. Sows were given twice a day (07.30 h and 16.00 h) to ad libitum a lactation diet (based on wheat, barley and soya-bean meal) in meal form that provided 13-5 MJ digestible energy (DE) per kg, 150 g/kg crude protein, 7-6 g/kg total lysine, 0-6 g/MJ DE available lysine, 9 g/kg calcium and 7 g/kg phosphorus.
Piglets were weighed at weekly intervals until they were weaned at an average age of 28-5 (s.e. 0-21) days when they weighed 10-2 (s.e. 0-21) kg.
The diet given to piglets after weaning was also offered as a creep/starter ration to all litters from day 14 of lactation until weaning, although very little creep food was consumed during this period. The diet was a commercially available pellet that contained (% composition withheld by manufacturer): wheat, barley, oaten groats, dehulled lupins, fish-, meat-and blood-meal, skim milk powder, mill-mix, L-lysine, DL-methionine, salt, tallow, and creep/weaner pre-mix (vitamins and minerals). Calculated analysis of the diet was: 898 g/ kg dry matter, 219 g/kg crude protein, 14-8 MJ DE per kg, 13 g/kg total lysine, 10 g/kg calcium, and 9 g/kg phosphorus. Water and food were provided ad libitum. Fresh diet was offered daily in all pens. Pellets were dispensed from a single self-feeder in each pen.
Experimen tnl trcatmen ts
Within the 1st week of lactation three sows and their litters were assigned to a 'co-mingling' group and the remaining three sows and litters to a 'no comingling' group on the basis of parity and litter size. Piglets from sows in the 'co-mingling' group were allowed to interact from day 10 of lactation until weaning. Co-mingling involved the removal of steel partitions between three adjacent 'follow-on' pens that housed the three sows and litters. This allowed piglets access to all pens.
At weaning, 36 selected piglets were allocated on the basis of their treatment during lactation (i.e., 'comingling' or 'no co-mingling'), sex and live weight to a 2 X 2 factorial arrangement of treatments: (1) injection of amperozide (+) or injection of saline (-) at the time of weaning; (2) co-mingling (CoM) or no comingling (NoCoM) of non-littermate piglets during lactation.
At weaning piglets were placed in pens in groups of three. The pens contained wire-mesh floors and walls that provided floor space of 0-24 m 2 per pig, and were located in an environmentally controlled room where temperature was maintained at 26-6 (s.e. 0-34) °C during the study. The experiment lasted 14 days.
Experimental procedures
At weaning piglets were given either 1 ml of amperozide (Hogpax™, Kabi Pharmacia Therapeutics, Sweden) (10 mg/ml solution) or placebo (0-9% sterile physiological saline) intramuscularly. In addition, 500 |ig of a solution containing 0-9% sterile physiological saline and the mitogen phytohaemagglutinin (Sigma Chemicals Pty Ltd, St Louis, MO, USA) was injected intradermally into a hind leg of all piglets. In the other leg piglets received an equivalent dose of saline. Twenty-four h after injection the difference in skin-fold thickness was measured using a constant-tension micrometer and expressed as the change in skin-fold thickness (Blecha and Pollmann, 1984) . At 4 h and 24 h after weaning the extent and depth of injuries to each piglet was classified according to separate scales ranging from 0 to 3 (Rundgren and Lofquist, 1989) . A score of 3 for extent implied that most of the piglet was covered with red marks or injuries, and a score of 3 for depth implied the injury had bled. The scores for the various parts of the body (Rundgren and Lofquist, 1989) were then pooled and the mean of depth and extent of injuries was considered to be the mean injury score (Bjork, 1989) . Piglets were screened prior to the experiment to ensure they were free of marks and scratches.
A video camera and recorder were used to record the activity of piglets for the first 120 min after weaning. This length of time was chosen on the basis of observations made by Symoens and Van Den Brande (1969) and Blackshaw, Bodero and Blackshaw (1987) who reported that levels of aggression drop markedly about 90 min after mixing. Every 5th min the main activity of the individual piglets (exploring, fighting, eating and lying) was recorded. Fighting was classified as attacks given and received (bites or knocks) (Rundgren and Lofquist, 1989) , eating was defined as having the snout in the feeder (McGlone, 1986) , and exploring was determined as piglets standing up and investigating their pen.
At 11.00 h on the 2nd day after weaning, 5 ml of blood was collected from the anterior vena cava of all piglets into lithium-heparinized tubes. After centrifugation at 3000 r.p.m. for 15 min the plasma was decanted and stored at -20°C for subsequent analysis of total cortisol. Total cortisol was measured by a non-extraction, charcoal-separation radioimmunoassay developed in our laboratory using a stock solution of cortisol (10 ug/ml, Sigma Chemicals Pty Ltd., St Louis, MO, USA) prepared in ethanol. The antiserum was raised against cortisol-21-hemisuccinate and was used at a working dilution of 1 :1000. Cross reactions (as proportions) were as follows: 0-10 with corticosterone, 0.09 with cortisone, 0-05 with progesterone, 0-02 with pregnenolone and less than 0-001 with deoxycorticosterone, cholesterol, testosterone, and 17P oestradiol. The within-assay CV was 0-101.
Statistical analysis and presentation of results
Treatment effects and interactions were subjected to least-squares analysis of variance (SYSTAT®; Wilkinson, 1990) . Differences between any main effects were determined by Fisher's protected least significant difference (Maindonald, 1992) . Statistical significance was accepted at P < 0-05. As each piglet was individually identified the measurement of daily live-weight gain was made using the piglet as the experimental unit. For apparent voluntary food intake and food conversion ratio, the pen was considered to be the experimental unit. We chose to express food consumption as apparent voluntary food intake because of unavoidable spillage from the feeders through the wire-mesh floors.
Injury-score data were subjected to natural log transformation [log e (x + 1)] prior to analysis of variance since they were not normally distributed (Snedecor and Cochran, 1980) . Data are presented as transformed means accompanied by raw treatment means (after Barnett, Hemsworth, Cronin, Newman, McCallum and Chilton, 1992) . Behavioural data are expressed as the percentage of total observations for each behaviour in the first 120 min after weaning displayed by pens of piglets in each treatment. For any significant amperozide X co-mingling interactions that were found, differences between interaction means are presented with a maximum least significant difference (LSD max ) value (after Cronin and Smith, 1992) . This was calculated as the standard error of difference (s.e.d. max ) multiplied by the t value at a = 0-05. The number of degrees of freedom from which the t value was determined was taken from the error term in the analysis of variance.
In the text, interaction means between main factors are presented as CoM + Amp (co-mingling plus amperozide), CoM -Amp (co-mingling minus amperozide), NoCoM + Amp (no co-mingling plus amperozide) and NoCoM -Amp (no co-mingling minus amperozide).
Results
One piglet had to be removed from the NoCom + Amp treatment as it persistently escaped from its pen. The general health of all piglets was excellent and no diarrhoea was observed. Several piglets given amperozide vomited 15 to 30 min after injection, but no long-lasting effects of the drug on pig health were evident.
Performance after weaning
Administration of amperozide at weaning or comingling of non-littermate piglets during lactation did not improve (P > 0-05) daily live-weight gain, apparent voluntary food intake, or food conversion efficiency during the 14 days of the experiment (Table 1) . Piglets co-mingled during lactation were on average 1-3 kg heavier at the beginning of the study than those not allowed to co-mingle (P < 0-05). Within main effects, values not followed by a common superscript differ (P < 0-05). All interactions were not statistically significant (P > 0-05). t CoM: co-mingling during lactation; NoCoM: no comingling during lactation. \ +: injection of amperozide at weaning; -: no injection of amperozide at weaning (saline).
This difference was still apparent at the completion of the study, however average daily gain was similar between these two main effects. No interactions between main effects for any production parameter were observed (P > 0-05). The overall performance of piglets was excellent, with the average rate of gain over the 2 weeks of the experiment being 372 g/day.
Skin-fold thickness after weaning
A 0-17 proportional decrease in skin-fold thickness occurred following the injection of phytohaemagglutinin in piglets that were not administered amperozide at weaning (7-2 v. 6-0 mm, P < 0-001). There was no main effect of co-mingling nor any interaction between the two treatments on the change in skin-fold thickness after weaning (Table 2) .
Injury scores after weaning
When measured 4 h after weaning, reductions in injury score were evident when piglets were either injected with amperozide (P < 0-01) or co-mingled during lactation (P < 0-001). By 24 h after weaning only the main effect for amperozide remained statistically significant (P < 0-001; Table 2 ). A significant interaction occurred between co-mingling and amperozide for mean injury score at both 4 (P<0-01) and 24 h (P < 0-05) after weaning. When measured 4 h after weaning, co-mingling of piglets during suckling reduced mean injury score regardless of whether piglets were given amperozide or not at weaning. When piglets were not allowed to co-mingle during lactation, failure to give amperozide at weaning proportionately increased mean injury score by 0-44 (P < 0-01) compared with piglets administered with amperozide [for treatments CoM + Amp, CoM -Amp, NoCoM + Amp and NoCoM -Amp, mean values (log e (x + 1) transformed means) after 4 h were 0-69, 0-69, 0-71 and 101 respectively; LSD max = 0-11].
Administration of amperozide to piglets either comingled or not co-mingled during lactation reduced the injury score (P < 0-05) in comparison with piglets given saline by 24 h after weaning. In contrast to mean injury score recorded after 4 h, co-mingling in the absence of amperozide increased the level of fighting when measured after 24 h. The highest injury score was still recorded in piglets not allowed to co-mingle during suckling and not given amperozide [for treatments CoM + Amp, CoMAmp, NoCoM + Amp and NoCoM -Amp, mean values (log e (x + 1) transformed means) after 24 h were 0-73, 0-93, 0-69 and 1-19 respectively; LSD max = 0-15]. Mean injury score increased with time after weaning (Fj 69 = 4-05, P < 0-05), with more fighting occurring between 4 and 24 h than in the first 4 h after weaning (1-5 (s.e. 0-12) v. 1-2 (s.e. 0-09)).
Behaviour after weaning
Injection of amperozide caused a 0-26 proportional increase (P < 0-001) in the amount of time piglets spent lying and caused piglets to display no interest in the feeder (P < 0-001) after weaning. Consequently piglets not given amperozide were more active, spent more time at the feeder, and participated in more aggressive encounters (P < 0-01; Table 2 ). Significant interactions occurred between comingling and amperozide for the proportion time piglets spent exploring (P < 0-01) and fighting (P < 0-001) in the first 2 h after weaning. Pigs not allowed to co-mingle during lactation, and injected with either amperozide or saline, showed similar levels of exploratory activity whereas piglets comingled during lactation and given amperozide (treatment CoM + Amp) explored very little (proportionately 0-28 of total observations) and simply laid down in their pens for the period of observation [for treatments CoM + Amp, CoMAmp, NoCoM + Amp and NoCoM -Amp, mean proportion of time spent exploring was 0-028, 0-120, 0-073 and 0-093 respectively; LSD max = 0-032].
Fighting was recorded (0-083 of total observations) only in pens of piglets not co-mingled during lactation and not injected with amperozide at weaning. When previously unacquainted piglets were mixed at weaning, administration of amperozide totally eliminated any aggressive interactions (Table 2) .
Plasma cortisol
Neither co-mingling nor amperozide influenced the plasma concentrations of total cortisol (P > 0-05). Within main effects, values not followed by a common superscript differ (P < 0-01). t CoM: co-mingling during lactation; NoCoM: no co-mingling during lactation. :f +: injection of amperozide at weaning; -: no injection of amperozide at weaning (saline). § Calculated as the 'corrected 24 PHA' measurement of Blecha and Pollmann (1984) . \ log e (x + 1) transformation, with untransformed data in parentheses. 
Table 2 Effects of co-mingling and amperozide on the change in skin-fold thickness after injection ofphytohaemagglutinin, mean injury score at 4 and 24 h after weaning, and the proportion of total behavioural observations displayed by pigs in the first 2 h after weaning
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t CoM: co-mingling during lactation; NoCoM: no comingling during lactation. X +: injection of amperozide at weaning; -: no injection of amperozide at weaning (saline). § There were no statistically significant differences within main effects or for interactions (F > 0-05).
Similarly, there was no interaction between the two main effects for the concentration of this hormone (Table 3) .
Discussion
Reducing psychological stress after weaning
The hypothesis that administration of amperozide and/or co-mingling of non-littermate piglets during suckling would reduce the 'stress response' was supported in this study. In the first 4 h after weaning piglets not co-mingled during lactation and not given amperozide (treatment NoCoM -Amp) recorded the highest mean injury score. This agrees with many reports in the literature showing that mixing of unfamiliar piglets causes overt aggression after weaning. Interestingly, the practice of comingling non-littermate piglets during lactation in the absence of amperozide (treatment CoM -Amp) was not sufficient to completely eliminate fighting after weaning since injury score increased between 4 and 24 h in this treatment [(log e (x + 1) transformed means for 4 and 24 h: 0-69 v. 0-93; P< 0-001]. This suggests that the stress response elicited by mixing non-littermate piglets at weaning is only partially overcome by allowing piglets from different litters to co-mingle during lactation and that, after an initial 'settling' period, piglets commence fighting. However mean injury score in this treatment was always lower than for piglets not co-mingled and not given amperozide (treatment NoCoM -Amp), thereby demonstrating the ameliorative effect of comingling on aggression after weaning.
Significant interactions occurred between comingling and amperozide for mean injury score at both 4 and 24 h after weaning, indicating that each strategy was to some extent dependent on the other in reducing stress after weaning. This interaction also changed with time, with injury score being higher between 4 and 24 h than in the first 4 h after weaning. However for piglets in treatments CoM + Amp and NoCoM + Amp, mean injury score remained similar between 4 and 24 h after weaning and substantiates the profound effect amperozide has on anti-aggressive behaviour.
Our results agree with those of Bjork (1989) who reported that administration of amperozide reduced injury scores after mixing compared with pigs given azaperone or left untreated. Amperozide also reduced aggression and injury scores in growingfinishing pigs (Andersson, Olsson and Albinsson, 1987; Bjork et al, 1988; Gonyou et al, 1988) and group-housed gilts (Barnett, Cronin, McCallum and Newman, 1993) . Amperozide, unlike other neuroleptic compounds (e.g. azaperone) that severely affect alertness and motor co-ordination, is a longer lasting drug that modifies emotional behaviours such as aggression and anxiety without causing sedation or motor disturbances. Amperozide exerts its effect on serotonergic neurotransmission in the limbic part of the brain (Christensson and Gustafsson, 1985; Gustafsson and Christensson, 1990) and interacts with central neuroendocrine processes involved in the regulation of stress reactions via activity in the HPA axis (Andersson and Albinsson, 1985) . Although amperozide has specific effects on emotional behaviour in the brain (Christensson and Gustafsson, 1985) , other possibilities exist for the period of reduced activity seen after administration of amperozide. In this experiment several piglets vomited within 15 to 30 min of being injected with amperozide, an effect reported by a number of other authors (Bjork et al., 1988; Gonyou et al., 1988) . It is not clear, as suggested by Gonyou et al. (1988) , whether the reduction in aggressive behaviour after administration of amperozide is due to specific effects on the brain, to some post-treatment malaise associated with vomiting, or to a combination of both phenomena. Furthermore, the reduction in exploratory behaviour and eating in pigs given amperozide, a finding reported also by Gonyou et al. ( 1988) on the 1st day after weaning, may be due to specific effects of amperozide on appetite. This has been reported for other drugs and compounds acting on serotonergic receptors in the brain (Blundell, 1984; Leibowitz, 1986; Baranyiova, 1991) .
Recently some questions have been raised as to the welfare implications of amperozide use in pigs. Barnett et al. (1993) and Barnett (1994) found that although the injection of amperozide reduced the incidence of aggression in group-housed sows, it also caused an increase in plasma cortisol levels indicative of an acute stress response. In this regard Barnett (1994) commented that the use of amperozide may not be an acceptable procedure to reduce aggression at mixing. Since we measured cortisol on the 2nd day after weaning, we were unable to confirm any increase in total cortisol attributable to the administration of amperozide.
Behavioural effects of co-mingling and amperozide after weaning
Van Putten and Dammers (1976) and Dybkjaer (1992) reported that the high proportion of redirected oral behavioural patterns seen after mixing at weaning, such as belly-nosing (Fraser, 1978) and persistent inguinal nose thrusting and ear biting (Blackshaw, 1981b) , can be explained by the high motivation for exploring the environment and for sucking in piglets of this age. As a consequence piglets redirect their oral behaviour after weaning to penmates or to inanimate objects in the pen because of a lack of environmental stimuli (Dybkjaer, 1992) . In the present experiment piglets not given amperozide at weaning spent more time eating, fighting, and exploring their new environment and spent less time lying than piglets injected with the drug, although the increased length of time pigs not injected with amperozide spent eating had no long-lasting effects on performance. This confirms the redirection of oral behaviours to exploratory behaviour and penmates found by Dybkjaer (1992) . In contrast, piglets injected with amperozide spent proportionately around 0-95 of their time simply lying in the pen and showed no aggressive behaviour in the first 120 min after weaning, even when mixed with previously unacquainted animals.
Treating pigs with amperozide at mixing was considered by Bjork et al. (1988) and Kyriakis (1989) to result in social stability and the formation of a dominance hierarchy without the need for aggressive interactions between pigs. Consequently the negative effect of mixing on productivity reported by some authors (Andersson et ah, 1987; Bjork et al, 1987 and Bjork, 1989) has been attributed to a detrimental adaptation process during formation of the dominance order that, in turn, causes a longer and more adverse effect on food conversion ratio and growth than would be expected normally (Bjork et al, 1988) . Evidence to support this notion is equivocal. McGlone, Stansbury and Tribble (1987) suggested that chronic social stress might be the cause of reduced food : gain ratio in pigs, but this only occurred in conjunction with high ambient temperature. On the other hand, McGlone (1986) found no clear relationship between formation of the dominance order following mixing of unfamiliar pigs at weaning and time spent eating or drinking, and Baxter (1991) commented that a reduction in aggressive incidents may reduce voluntary food intake and growth due to a decrease in social facilitation associated with feeding. As advised by Gonyou et al (1988) , the resolution of these conflicting reports in the literature may lie in the level of additional stress accompanying mixing of unfamiliar piglets and the different experimental protocols imposed in each study.
lmmunological response to co-mingling and amperozide after weaning
The decrease in skin-fold thickness for piglets not given amperozide is consistent with a suppressed immune response and activation of the hypothalamo-pituitary-adrenal axis. The 0-17 proportional decrease in skin-fold thickness that occurred is in good agreement with the 0-14 proportional reduction reported by Blecha et al (1983) in pigs also weaned at 4 weeks of age, while Westly and Kelley (1984) reported a 0-28 proportional decrease in skin-fold thickness following acute restraint for 2 h in 8-week-old pigs. These results differ to the study of Blecha, Pollmann and Nichols (1985) who reported that in vivo cellular immunity was unaffected by the acute stress of weaning. Possible reasons for disparity between experiments may be related to differences in the intensity of 'stress' imposed, different age and weight of piglets, and also to differences in stocking density. For example, Barnett et al. (1992) reported a 0-36 proportional decrease in cell-mediated immunity in pregnant gilts when allowance was reduced from 1-97 m 2 to 0-98 m 2 . In our study the reason for a lack of change in skin-fold thickness for the main effect of co-mingling is not known.
The reduction in skin-fold thickness in piglets without amperozide was not associated with an increase in the concentration of total cortisol (Table  3) . We measured cortisol 48 h after weaning and by this time its level in the blood may have declined. Westly and Kelley (1984) used short-term restraint for 2 h as an acute stressor and found a 1 -40 proportional increase in plasma cortisol, a 0-30 proportional reduction in the size of the thymus gland and a 0-28 proportional reduction in mononuclear T-cell proliferation in vivo. In vitro, a dose of cortisol equivalent to that released during acute stress caused a 0-50 proportional reduction in T-cell proliferative responses to mitogens. By sampling 48 h after weaning, the increase in plasma cortisol that occurs immediately after mixing (Blecha et al, 1985) was probably missed. In future studies the measurement of cortisol at regular intervals after mixing may confirm immunological associations with activation of the adrenal cortex following weaning. Nevertheless, the significant decrease in skin-fold thickness observed in piglets not given amperozide can be attributed to the suppressive effect of corticosteroids on cell-mediated immunity (Munck et al, 1984) . Although immuno-suppression in the short term is unlikely to compromise health, continued exposure to the stressor may induce a pathological state of stress and cause eventual death (Bamett and Hutson, 1987) .
Performance after weaning
The second hypothesis that voluntary food intake and growth rate would be enhanced following the implementation of these strategies was not supported, and concurs with other reports in the literature showing the lack of any detrimental effect on performance when non-littermate piglets are mixed at weaning (Friend, Knabe and Tanksley, 1983; Gonyou, Rohde and Echeverri, 1986; Blackshaw et al, 1987; McConnell, Eargle and Waldorf, 1987; McGlone et al, 1987; Pluske and Williams, 1996) . Similar results were reported in growing-finishing pigs by Gonyou et al. (1988) , but not by Andersson et al. (1987) and Bjork et al. (1987 and .
Our results also differ to those of Bjork (1989) who reported a 0-30 proportional increase in growth rate, a 0-29 proportional improvement in food conversion ratio, and a decrease in the incidence of diarrhoea following the injection of amperozide at weaning. On the basis of these results Bjork ( 1989) postulated that there is a causal association between social stress, gastrointestinal dysfunction and checks in growth rate after piglets are mixed at weaning. We suggest, however, that several aspects of Bjork's (1989) hypothesis require clarification. First, the calculation for food conversion ratio most likely contains an element of food wastage. This should be considered in the interpretation of the values for food : gain ratio reported by Bjork (1989) since they are considerably higher than most ratios reported in the literature. Secondly, it is difficult to imagine an effect of amperozide per se reducing diarrhoea after weaning, simply because a multitude of other factors are likely to be involved (see McCracken and Kelly, 1993) . Thirdly, amperozide was found to restore villous height, increase the rate of cell production in the crypts of Lieberkiihn, and normalize levels of plasma alkaline phosphatase when given to wasting piglets 4 weeks after weaning (Albinsson and Andersson, 1990 ). This may lead to an increase in growth rate (e.g. Kyriakis and Andersson, 1989) since the digestive and absorptive capacity of the small intestine is enhanced. Alternatively, reducing stress by administering amperozide will reduce the plasma concentration of glucocorticoids that may, in turn, increase growth by decreasing gluconeogenesis and increasing protein incorporation into tissues (Barnett, Hemsworth and Hand, 1983) . Bjork (1989) failed to measure the structure and function of the small intestine, the level of plasma alkaline phosphatase, or the levels of blood metabolites on which he based his hypothesis.
Furthermore, the growth rates achieved by Bjork (1989) were very low. For piglets weaned at an average weight of 8-35 kg, a mean growth rate of 74 g/day for the 1st week after weaning represents poor performance. In this instance piglets would have consumed insufficient food for maintenance. Unpublished data from our laboratory suggests that the 'gastro-intestinal dysfunction' described by Bjork (1989) to be associated with the psychological stress of mixing is confounded with the period of temporary starvation that also causes villous atrophy and a possible 'loss' of digestive and absorptive capacity. In the present study piglets weighed 10-3 kg at weaning and achieved a growth rate in the ensuing 7 days of 260 g/day. This compares with 74 g/day realized by piglets in the study of Bjork (1989) . Although the structure and function of the small intestine was not assessed in our study, the high level of production indicates that all animals were healthy and that minimal 'gastro-intestinal dysfunction' was incurred by the psychological stress of mixing piglets at weaning. This casts further doubt on the proposition of Bjork (1989) that amperozide per se has an ameliorative effect on the structure and function of the gut following mixing of unfamiliar piglets at weaning. However the work of Kyriakis and Andersson (1989) and Albinsson and Andersson (1990) suggests that amperozide may be beneficial to wasting piglets suffering from a chronic stress response to weaning. In our experiment there were no 'unthrifty' piglets, and only effects of acute response to stress were investigated.
In conclusion, the hypotheses tested in this experiment, i.e. administration of amperozide at weaning and/or co-mingling of non-littermate piglets during lactation will ameliorate the acute stress response and increase production when nonlittermate piglets are mixed at weaning, were only partially supported. There was no improvement in any production parameters when aggression was reduced at weaning by co-mingling and/or injection of amperozide. As suggested previously, the piglets used in this experiment were very heavy at weaning (~ 10 kg), ate more food, and achieved a much higher rate of growth than many other reports in the literature. Smaller piglets (e.g. 4-5 to 6-5 kg) may be more susceptible to the stressors imposed at weaning and derive greater benefits in production from these weaning strategies.
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